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Polypharmacy With Oral Antidiabetic Agents:
An Indicator of Poor Glycemic Control
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Jackie C. Fuller, MPH; and Jerry H. Gurwitz, MD

Objective: To evaluate‘antidiabetic'drug treatment patterns and
glycemic control among- patients diagnosed with type 2 diabetes
mellitus.

Study Design: Retrospective/study using the automated data-
bases of a 200 000-member HMO.

Methods: The study population consisted of patients 218 years
of age with documented type 2 diabetes mellitus from January 1,
2002, through December 31, 2002. We determined the proportion
of patients who had optimal glycemic control (glycosylated hemo-
globin <7%) during the 6 months after the initial documentation of
diabetes during calendar year 2002 (index date).

Results: Of the 4282 patients who met the inclusion criteria,
1050 (25%) received 1 oral agent, 486 (11%) received 2 oral
agents, 56 (1%) received 23 oral agents, 84 (2%) received insulin
and an oral agent,-and 107 (2%) received insulin exclusively with-
in 90 days after the index date. Among the 1075 patients receiv-
ing antidiabetic drug. therapy who had a laboratory test result
documented, 414 (39%) had optimal glycemic control. Optimal
control was most frequent among patients receiving 1 oral agent
(47%) and least frequent among patients receiving 23 oral agents
(13%) (P <.01). Patients-with a prior history of suboptimal glycemic
control were less likely to-have optimal glycemic control.

Conclusions: Multiple oral antidiabetic agents may serve as a
marker for more severe, uncontrolled diabetes. The vast majority of
patients treated with-multiple oral antidiabetic agents had subopti-
mal glycemic control, suggesting a need for intensified efforts to
treat this particular group of patients to recommended goal levels.

(Am J Manag Care. 2006;12:435-440)

and mortality worldwide. The number of
Americans with diagnosed diabetes is projected

to increase 165% from 11 million in 2000 to 29 million
in 2050, resulting in a large number of patients requir-
ing lifetime treatment with antidiabetic agents or
insulin. Diabetes presents an enormous economic bur-
den to the United States. Direct medical expenditures
attributable to diabetes totaled approximately 892 bil-
lion in 2002; more than 25% of the expenditures were
attributable to treating diabetes-related complications.?
Optimal glycemic control is critical for reducing the
risk of diabetic complications. The Diabetes Control and
Complications Trial and the UK Prospective Diabetes
Study (UKPDS) provided evidence of the relationship

D iabetes mellitus is a major cause of morbidity

between hyperglycemia and long-term diabetic compli-
cations.>* The UKPDS study provided strong evidence
that intensive therapy significantly reduced the risk of
microvascular complications in patients with type 2 dia-
betes. The American Diabetes Association recommends
treating diabetic patients to a glycoesylated hemoglobin
(A1C) level of less than 7%.° However; the majority of
diabetes patients still do not achieve recommended tar-
get values.®” A preliminary report based on National
Health and Nutrition Examination Survey (NHANES)
data found that the rate of glycemic control (as defined
by an A1C level of <7%) declined from 44.5% in NHANES
I (1988-1994) to 35.8% in NHANES 1999-2000°; how-
ever, the NHANES 1999-2000 data were based on a
small number of diabetes patients (n = 372). Another
study among patients included in the Kaiser Per-
manente Northern California Diabetes Registry similar-
ly reported low rates of glycemic control, with 30% of
the diabetic population having an A1C level of 7% or
less from 1999 through 2000.7 Rates of healthcare
access and utilization, screening for diabetes complica-
tions, and the rate of treatment of hyperglycemia are
high; however, health status and outcomes are unsatis-
factory. There are likely to be multiple reasons for this
discordance; including intractability of diabetes to cur-
rent-therapies, patient self-care practices, and medical
care practices.®

The newer medications introduced during the past
decade provide additional options for treating patients
with type 2 diabetes. The availability of many new
options may have a large impact on current antidiabet-
ic therapy patterns and the rates of glycemic control. We
undertook the present study to document current treat-
ment patterns and glycemic control among patients
with type 2 diabetes in a large, population-based sample.
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METHODS

Study Population and Design

A retrospective study was conducted among patients
enrolled in a mixed-model, not-for-profit HMO operating
in New England. The study population included HMO
members who were 18 years of age or older and who had
a diagnosis code for type 2 diabetes mellitus (Inter-
national Classification of Diseases, Ninth Re-vision,
Clinical Modification [ICD-9-CM] 250.x0 or 250.x2)
from January 1, 2002, through December 31, 2002, as
documented in the HMO administrative databases. Addi-
tional eligibility criteria included continuous enrollment
in the staff-model component with prescription drug cov-
erage for the 365 days before and 180 days after the ini-
tial documentation of diabetes (index date) during
calendar year 2002. Members with a diagnosis code for
gestational diabetes (ICD-9-CM 648) or type 1 diabetes
mellitus (ICD-9-CM 250.x1 or 250.x3) were excluded
from the study. Information on patient sex and age,
health plan enrollment status, prescription drug dispens-
ings, inpatient and outpatient diagnoses and procedures,
and laboratory test results was obtained from HMO auto-
mated databases for the period 365 days before and 180
days after the index date. The institution’s human-sub-
jects committee reviewed and approved the study.

Identification and Categorization
of Antidiabetic Drug Use

For each patient, antidiabetic medications dispensed
during the 90 days after the index date were identified,
and therapy was classified according to the total number
of unique agents dispensed, based on the agents’ gener-
ic names. Therapy was categorized as “1 oral agent,” “2

s

oral agents,” “3 or more oral agents,” “insulin plus an
7 e

oral agent,” “insulin use exclusively,” or “no antidiabet-
ic medications.”

Assessment of Glycemic Control

The HMO automated databases were used to identify
the patients’ current and prior history of glycemic con-
trol. Current optimal glycemic control was determined
using the most recent laboratory test result for A1C dur-
ing the 6 months (180 days) after the index date and
was defined as an A1C level of less than 7% during the
6 months after the index date. Similarly, prior history of
glycemic control was determined by using the most
recent laboratory test result for A1C during the year
(365 days) before the index date.

Identification and Definition
of Other Patient Characteristics
The HMO automated databases were used to identify

the patients’ age on the index date; sex; antidiabetic
drug therapy during the 90 days before the index date
(categorized as outlined above); diagnosis of coronary
heart disease (ICD-9-CM 410 to 414.99), hypertension
(ICD-9-CM 401.x), or hypercholesterolemia (ICD-9-CM
272.x or dispensing of a cholesterol-lowering drug) dur-
ing the previous year; utilization of health services;
medication adherence; and comorbidity score. The total
numbers of ambulatory visits, diabetes-related ambula-
tory visits (office visits including ICD-9-CM code 250.x1
or 250.x3), and hospitalizations during the previous
year were determined.

Medication adherence during the year before the
index date was estimated based on the supply dispensed
(in days) from the first dispensing date of an oral antidi-
abetic drug during the previous year to the index date,
divided by the number of days between the first dispens-
ing date and the index date (percent days on therapy).
If 1 prescription was dispensed during the time interval
of a previous prescription, the overlapping number of
days, supply was not duplicated.

Comorbidity was assessed using the chronic disease
score developed by Clark and colleagues for prediction
of healthcare costs, which is based on age, sex, and
number of dispensings of prescription drugs.” The
chronic disease score is a claims-based, risk-adjustment
metric that uses drug-dispensing information as a
marker for chronic illness. The scores have been found
to be predictive of utilization of healthcare resources,
with higher scores reflecting higher healthcare costs.
The scores also have been found to be predictive of
hospitalization.!?

Statistical Analysis

Descriptive analyses were used to estimate the pro-
portion of patients to whom each type of antidiabetic
drug therapy was dispensed and the proportion who had
specific characteristics. For patients receiving antidia-
betic medications who had a laboratory test value docu-
mented in the 6 months after the index date, the
percentage with optimal glycemic control was estimated
overall and according to patient characteristics. Logistic
regression was used to estimate the strength of the asso-
ciation between patient characteristics and optimal
glycemic control, with models constructed including
variables for patient age; sex; antidiabetic drug therapy;
past history of glycemic control; diagnosis of coronary
heart disease, hypertension, or hypercholesterolemia;
prior hospitalization; diabetes-related office visits dur-
ing the previous year; medication adherence; and
chronic disease score. Analyses of glycemic control
based on an A1C value of less than 8% also were per-
formed, but are not presented; the associations between
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glycemic control and patient characteristics
were similar to those results based on an A1C
value of less than 7%.

RESULTS

A total of 4282 members who were diag-
nosed with type 2 diabetes mellitus met the
inclusion criteria. The mean age of the study
population was 64 years (range, 20-96 years)
and 46% (n = 1951) were female. Characteris-
tics of the study population are shown in
Table 1. During the 90 days after the index
date, 1050 patients (25%) received 1 oral
agent, 486 (11%) received 2 oral agents, 56
(1%) received 3 or more oral agents, 84 (2%)
received insulin and an oral agent, 107 (2%)
received insulin exclusively, and 2499 (58%)
received no antidiabetic medications. The
most common medications dispensed to
patients taking 2 oral agents were a sulfony-
lurea and metformin (428 patients), and the
most common medications dispensed to
patients taking 3 or more agents were a sul-
fonylurea, metformin, and a thiazolidinedione
(52 patients).

Of the 4282 study patients, 1072 (25%) had
an A1C level of less than 7% (optimal glycemic
control), and 155 (4%) had an A1C level of 9%
or higher. A total of 1873 patients had an A1C
value documented in the 6 months after the
index date. Of this group, 1075 also were
receiving antidiabetic drug therapy; 414 (39%)
of these patients had optimal glycemic control.
The mean A1C value was 7.4%, and the median
value was 7.2% (25th-75th percentile, 6.6%-
8.1%). The mean Al1C ranged from 7.2%
among patients receiving 1 oral agent to 8.0%
among patients receiving 3 or more oral
agents (P <.001). Table 2 shows the number
and percentage of patients with optimal
glycemic control according to patient charac-
teristics, as well as the odds ratios (ORs) and
95% confidence intervals (CIs) for the associa-
tions with optimal glycemic control. The pro-
portion of patients with optimal control was
highest among those receiving 1 oral agent
(47%) and lowest among those receiving 3 or
more oral agents (13%) (P <.01). Patients with
a prior history of suboptimal glycemic control
were less likely than patients whose A1C level
was less than 7% to have optimal glycemic con-

Table 1. Characteristics of Patients Diagnosed With Type 2
Diabetes Mellitus (N = 4282)

Characteristic No. (%)

Sex
Female 1951 (46)
Male 2331 (54)

Age, y
18-44 380 (9)
45-54 760 (18)
55-64 1020 (24)
65-74 1045 (24)
275 1077 (25)

Antidiabetic therapy within 90 days after the index date*

One oral agent 1050 (25)
Sulfonylurea 804
Metformin 230
Thiazolidinedione 16

Two oral agents 486 (11)
Sulfonylurea plus metformin 428
Sulfonylurea plus thiazolidinedione 41
Sulfonylurea plus o-glucosidase inhibitor 2
Sulfonylurea plus sulfonylurea 1
Metformin plus thiazoli(;/inedione 13
Metformin plus meglitinide 1

Three oral agents 56 (1)
Sulfonylurea, metformin, thiazolidinedione 52
Two sulfonylureas plus metformin 3
Metformin plus 2 thiazolidinediones 1

Insulin plus an oral agent 84 (2)

Insulin plus sulfonylurea 8

Insulin plus metformin 42

Insulin plus thiazolidinedione 7

Insulin plus combination of oral agents 27

Insulin exclusively 107 (2)

No antidiabetic medications 2499 (58)

Current glycemic control (A1C level), %*
<7 1072 (25)
7 to <8 444 (10)
8 to <9 202 (5)
29 155 (4)
No A1C measurement within 6 mo after index date 2409 (56)

Concomitant diagnosis
Coronary heart disease 695 (16)
Hypertension 2425 (57)
Hypercholesterolemia 2407 (56)

Utilization of services in previous year

Number of overall ambulatory visits
0-2 1157 (27)
3-4 1041 (24)
5-7 1006 (23)
>8 1078 (25)

Number of diabetes-related office visits*

0-1 971 (23)
2-3 1476 (34)
4-5 834 (19)
26 1001 (23)

Hospitalization (1 or more in previous year)

Yes 532 (12)
No 3750 (88)

Total costs by chronic disease score quintile,® $
0-1401 (quintile 1) 857 (20)
>1401-2111 (quintile 2) 855 (20)
>2111-2816 (quintile 3) 858 (20)
>2816-3820 (quintile 4) 856 (20)
>3820 (quintile 5) 856 (20)

*The index date was the first documentation of type 2 diabetes during 2002.

The A1C level was measured within 180 days after the index date.

*Diabetes-related office visits were those with a diagnosis code of type 2 diabetes mellitus
(International Classification of Diseases, Ninth Revision, Clinical Modlification code 250.x0
or 250.x2).

A1C indicates glycosylated hemoglobin.
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Table 2. Proportion of Patients With Optimal Glycemic Control Among Those Receiving Antidiabetic

Medications (N = 1075)*

No. (%) of Patients
With Optimal Unadjusted Odds Adjusted Odds
Characteristic Glycemic Control Ratio (95% CI) Ratio (95% CI)*
Antidiabetic drug therapy*
One oral agent (n = 600) 284 (47) 1.0 (reference) 1.0 (reference)
Two oral agents (n = 308) 91 (30) 0.47 (0.35, 0.63) 0.53 (0.38, 0.76)
Three oral agents (n = 45) 6 (13) 0.17 (0.07, 0.41) 0.20 (0.08, 0.54)
Insulin plus oral agent (n = 62) 16 (26) 0.39 (0.21, 0.70) 0.50 (0.24, 1.01)
Insulin exclusively (n = 60) 17 (28) 0.44 (0.25, 0.79) 1.14 (0.49, 2.63)
Sex
Female (n = 461) 187 (41) 1.16 (0.91, 1.49) 1.07 (0.79, 1.45)
Male (n = 614) 227 (37) 1.0 (reference) 1.0 (reference)
Age, y
18-44 (n = 84) 30 (36) 1.0 (reference) 1.0 (reference)
45-54 (n =222) 69 (31) 0.81 (0.48, 1.38) 0.74 (0.40, 1.37)
55-64 (n = 309) 102 (33) 0.89 (0.54, 1.47) 0.76 (0.41, 1.39)
65-74 (n = 235) 101 (43) 1.36 (0.81, 2.27) 0.81 (0.42, 1.56)
275 (n = 225) 112 (50) 1.78 (1.06, 2.99) 0.81 (0.41, 1.61)
Prior history of glycemic control (A1C level), %3
<7 (n = 442) 294 (67) 1.0 (reference) 1.0 (reference)
7 to <8 (n = 275) 62 (23) 0.15 (0.10, 0.21) 0.15(0.11, 0.22)
8to <9 (n=141) 18 (13) 0.07 (0.04, 0.13) 0.08 (0.05, 0.14)
29 (n = 120) 14 (12) 0.07 (0.04, 0.12) 0.08 (0.04, 0.15)
No A1C measurement during the 26 (27) 0.18 (0.11, 0.30) 0.20 (0.12, 0.34)
previous year (n = 97)
Concomitant diagnosis
Coronary heart disease
Yes (n = 157) 60 (38) 0.99 (0.70, 1.40) 0.88 (0.55, 1.39)
No (n =918) 354 (39) 1.0 (reference) 1.0 (reference)
Hypertension
Yes (n = 614) 250 (41) 1.24 (0.97, 1.60) 1.00 (0.73, 1.36)
No (n = 461) 164 (36) 1.0 (reference) 1.0 (reference)
Hypercholesterolemia
Yes (n = 595) 232 (39) 1.05 (0.82, 1.34) 1.09 (0.80, 1.48)
No (n = 480) 182 (38) 1.0 (reference) 1.0 (reference)
Utilization of services in previous year
Number of diabetes-related office visits
0-1 (n=170) 57 (34) 1.0 (reference) 1.0 (reference)
2-3 (n =401) 166 (41) 1.40 (0.96, 2.04) 1.39 (0.89, 2.17)
4-5 (n=212) 84 (40) 1.30 (0.85, 1.98) 1.26 (0.76, 2.09)
26 (n =292) 107 (37) 1.15(0.77, 1.71) 1.31 (0.81, 2.13)
Hospitalization (1 or more in previous year)
Yes (n = 137) 60 (44) 1.29 (0.90, 1.85) 0.88 (0.54, 1.42)
No (n = 938) 354 (38) 1.0 (reference) 1.0 (reference)
Medication adherence in prior year
(% days on therapy)
0% to <50% (n = 267) 112 (42) 1.0 (reference) 1.0 (reference)
50% to <70% (n = 223) 91 (41) 0.95 (0.67, 1.37) 1.28 (0.83, 1.97)
70% to <90% (n = 206) 78 (38 0.84 (0.58, 1.22) 1.49 (0.94, 2.34)
290% (n = 273) 107 (39) 0.89 (0.63, 1.26) 1.64 (1.07, 2.52)
Not evaluated: no dispensings in 26 (25) 0.45 (0.27, 0.75) 0.61 (0.30, 1.24)
prior year (n = 106)
Chronic disease score!!
Quintile 1 or 2 (n = 262) 76 (29) 1.0 (reference) 1.0 (reference))
Quintile 3 (n = 228) 86 (38) 1.48 (1.02, 2.16) 1.21(0.76, 1.92)
Quintile 4 (n = 287) 123 (43) 1.84 (1.29, 2.62) 1.39 (0.86, 2.26)
Quintile 5 (n = 298) 129 (43) 1.87 (1.31, 2.66) 1.44 (0.86, 2.40)

*Optimal glycemic control was defined as an ATC level of less than 7% within 6 months after the index date (the first documentation of type 2 diabetes melli-
tus during 2002), among patients for whom an antidiabetic medication was dispensed.

fAdjusted relative risk estimates and 95% confidence intervals were determined from multivariate logistic regression models including all variables shown in
the table.

*This therapy included antidiabetic drugs dispensed within 3 months after the index date (first documentation of type 2 diabetes mellitus during 2002).
SValues represent the A1C levels in the 365 days before the index date.

llQuintiles were based on the distribution in the overall population of patients with documentation of type 2 diabetes mellitus who were eligible for study.
A1C indicates glycosylated hemoglobin; Cl, confidence interval.
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trol (adjusted OR = 0.08, 95% CI = 0.05, 0.14, for those
whose A1C level was >28% to <9%; adjusted OR = 0.08,
95% CI = 0.04, 0.15, for those whose A1C level was >9%).

Of the 661 patients with poor glycemic control dur-
ing the 6 months after the index date, 442 (67%) also
had poor glycemic control during the 365 days before
the index date, 148 (22%) had optimal glycemic control,
and 71 (11%) had no A1C test performed during the 365
days before the index date. Most patients with poor
glycemic control in both the 6 months after the index
date and 1 year previous to the index date received sim-
ilar antidiabetic drug therapy in the 90 days both before
and after the index date; 21 of 30 (70%) received 3 oral
agents, 107 of 157 (68%) received 2 oral agents, and 145
of 186 (78%) received 1 oral agent in both 90-day peri-
ods. Most patients with poor glycemic control also
received similar therapy during each of the 90-day
periods from 90 days before the index date through
180 days after the index date, with 17 of 30 (57%) pa-
tients receiving 3 oral agents, 93 of 157 (59%) patients
receiving 2 oral agents, and 114 of 186 (61%) patients
receiving 1 oral agent throughout this period.

DISCUSSION

Treatment regimens among US adults diagnosed with
type 2 diabetes have changed substantially in recent
years as insulin use declined and use of oral agents
increased.®!! However, a decrease in rates of glycemic
control also was observed during this time period.®
Similar to the findings in other populations,®” the major-
ity of patients diagnosed with type 2 diabetes in our
study population had suboptimal control. This trend may
contribute to increased rates of diabetic complications
and increased healthcare costs. Knowledge about the
variables associated with poor glycemic control is neces-
sary for informing efforts aimed at reversing this trend.

We identified several strong predictors of poor
glycemic control, including intensification of therapy, as
indicated by treatment with multiple oral agents, and
previous suboptimal glycemic control. The association
between these variables and poor glycemic control indi-
cates that poor glycemic control tends to persist over
time, and that use of more oral medications is not asso-
ciated with better control, but rather is a marker for a
greater likelihood of poor control (ie, patients who are
less likely to achieve glycemic control). Benoit and col-
leagues reported similar results in a recent study of a
large sample of patients with type 2 diabetes in a low-
income, minority community.!'? Poorer glycemic control
was associated with being uninsured, having diabetes for
a longer period of time, using multiple oral agents or

insulin, or having high cholesterol. Our results suggest
that poor adherence to medications in the prior year
was associated with current suboptimal glycemic con-
trol, after controlling for other patient characteristics. In
previous work we found that although poorer adherence
was associated with therapeutic intensification, this
finding was largely driven by observed increases in
dosage, rather than the addition of oral antidiabetic
medications.?

Antidiabetic drug therapy during the 90 days before
and after the index date among patients with poor
glycemic control (n = 442) was relatively stable. Over
three quarters (78%) of patients with poor glycemic con-
trol who were prescribed 1 oral medication within 90
days after the index date were prescribed 1 medication
within 90 days before the index date. Similar percent-
ages were observed for patients prescribed 2 medica-
tions (68%) and 3 medications (70%) within 90 days
after the index date. Although a number of recent stud-
ies reported that only about half of patients with poor
glycemic control (A1C >8%) had a dosage increase or
change in therapy, the reasons for the lack of change in
therapy have not been well documented.!41°

New oral medications provide additional options for
treating patients with type 2 diabetes and delaying the
addition of insulin to the treatment regimen. A survey
conducted by Consumer Health Sciences and published
in 1999 in Diabetes Forecast indicated that many
patients (43%) think insulin is unnecessary and do not
like the idea of using needles.!” Thus, the availability of
new options for oral treatment combined with the
reluctance of patients or providers to start insulin
therapy may have a large impact on current antidia-
betic therapy.

A large proportion of patients in our study did not
have an A1C level documented in the 6 months after the
index date, which may indicate either lack of monitor-
ing of glycemic control or use of facilities or services not
captured by the health plan. There also was low use of
many agents (with only ~3% of patients receiving a thi-
azolidinedione or a-glucosidase inhibitor) in our popu-
lation, which may have influenced the rates of glycemic
control observed. Cohen et al similarly reported low use
of agents in these drug classes.!! However, use of insulin
was lower in our study as well (approximately 4% over-
all, and 11% among users of antidiabetic medications
during a 3-month period, compared with 18% during a
1-year period in the study by Cohen et al). Of note,
Cohen et al reported decreasing use of insulin therapy
from 1997 to 2000.1

In another study evaluating use of medication for
chronic disease in managed care and indemnity plans,
Stafford et al reported that the prevalence of use of any
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antidiabetic medication by patients who were diagnosed
with type 1 or type 2 diabetes in managed care settings
during calendar year 1997 was 75% among patients
younger than age 65 years and 67% among patients age
65 years or older.!® The rate of medication use may have
been higher in that study than in ours because medica-
tion use was measured over 12 months as opposed to 3
months in our study, in addition to the fact that patients
with a diagnosis of type 1 diabetes were included in the
study population.

A preliminary report based on 1999-2000 NHANES
data found that approximately 16% of patients with diag-
nosed type 2 diabetes used insulin monotherapy, 11%
used insulin and an oral antidiabetic medication(s), and
53% used oral agents only®; however, the NHANES 1999-
2000 data were based on the self-reports of a small (n =
372) number of diabetes patients. In addition, the inves-
tigators excluded subjects for whom information on the
type of medication or duration of diabetes was missing.
Thus, methodological differences—including the study
populations, observation periods, and methods used to
identify patients and drug exposures—likely account for
the differences in drug utilization patterns observed in
published studies. Although nonadherence to medica-
tions may have affected our estimates of the prevalence
of medication use, the evaluation of dispensed therapy
may be less likely to result in exposure misclassification
than self-report of medication therapy or documented
prescribing in the medical record because only patients
who are dispensed medication are considered “medica-
tion-treated” patients.

CONCLUSION

In this report, we emphasized glycemic control in
patients receiving medication therapy because patients
receiving antidiabetic medication therapy may be dis-
similar to patients not receiving medication therapy in a
number of ways. For example, patients receiving med-
ication therapy may be evaluated more frequently than
those not receiving therapy, resulting in less reliable
measurement of A1C for patients not receiving medica-
tion therapy. In our study, a large proportion of those
not receiving medication (68%) did not have an A1C test
performed in the 6 months after the index date,
although like medication-treated patients, most (93%)
had at least 1 office visit related to diabetes in the pre-
ceding year.

It also is important to note that this observational
study does not suggest that adding additional antidiabet-
ic medications to a patient’s prescription regimen is an
ineffective strategy. We found that patients with uncon-
trolled diabetes were more likely to be prescribed more

medications, perhaps because multiple medications are
an indicator of more severe diabetes. Randomized trials
are needed to further explore when and how multiple
antidiabetic medications should be combined, as well as
when insulin therapy should be initiated.

Glycemic control rates were low in this patient pop-
ulation, and the same has been observed in many other
US studies. Optimal glycemic control remains elusive
for many diabetic patients despite the recent introduc-
tion of several mew oral antidiabetic medications.
Glycemic control was particularly poor among patients
receiving multiple oral agents: only 13% of patients
receiving 3 or more oral agents had optimal glycemic
control. Thus, our data suggest that patients receiving
multiple antidiabetic agents are an important group for
health plans to identify and target for interventions, par-
ticularly where access to laboratory test results is limit-
ed or unavailable. Increased efforts by health plans, as
well as by healthcare professionals, appear necessary to
treat these patients to goal.
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